The activities of three enzymes concerned with collagen metabolism 4-prolyl hydroxylase, UDP-glucose: collagen glucosyltransferase and glucosyl-galactosyl-hydroxylysine glucohydrolase and 4-hydroxyproline content have been studied in the cardiac ventricles of spontaneously by pertensive rats (SHR) during prehypertensive, hypertensive and sustained hypertensive stages (respectively 4.5, 12 and 19 weeks of age). They were compared with values observed in age-matched normotensive Wistar Kyoto rats (WKY). The same studies have been performed in parallel on aortic-constricted rats (ACR) 8 days after suprarenal constriction of the abdominal aorta. The most striking finding was a significant increase in cardiac prolyl hydroxylase specific activity in the ACR but not in the SHR. No variation in 4-hydroxyproline concentration was found in the hearts of ACR. In contrast, a decrease in 4-hydroxyproline concentration was found in the hearts of SHR at 19 weeks. Cardiac glucosyltransferase specific activity was significantly elevated only in the SHR at 12 weeks. No variation in glucohydrolase specific activity was detected in the hearts of either SHR or ACR. The cardiac enzyme activities all decreased with age. These data show that the alterations in cardiac collagen metabolism are different in SHR and ACR. The patterns of the alterations found in the heart mirror those observed in the aorta in both models under the same experimental conditions. Additional Indexing Words: Cardiac hypertrophy Collagen Glucosyltransferase Glucosidase
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Spontaneously hypertensive rats Aorticconstricted rats Disaccharide units Hydroxyproline N increase in cardiac collagen content and collagen biosynthesis has been reported in spontaneously hypertensive rats (SHR).12),15) However, there have been no studies of the enzymes concerned with collagen disaccharide unit metabolism in the heart of these animals. These enzymes are of interest since an increased concentration of glucosyl-galactosyl-hydroxylysine (Glc-Gal-Hyl)27) and elevated glucosyltransferase and Glc-Gal-Hyl glucohydrolase activity5) have been observed in the aortic wall of SHR. Therefore, we have determined UDP glucose: collagen glucosyltransferase (EC 2.4.1.66), Glc-Gal-Hyl glucohydrolase (EC 3.2.1.107) and 4-prolyl-hydroxylase activities (EC 1.14.11.2) and 4-hydroxyproline concentrations in the ventricles of SHR and age-matched normotensive Wistar Kyoto controls (WKY). These activities were measured during the prehypertensive, hypertensive and sustained hypertensive stages (respectively at 4.5, 12 and 19 weeks of age). A group of 122 week old SHR was also included to study the effects of aging.
A second issue involved the relationship of collagen metabolism to ontogenetic changes in heart size. A cardiomegaly has been observed in SHR during the first month after birth, which corresponds to the prehypertensive stage.4),20),21) Thus, it was of interest to analyse the importance of heart collagen metabolism alterations in the cardiac hypertrophy of SHR. We also examined a group of aortic-constricted 19 week old rats in which the cardiac lesions are clearly secondary.
MATERIALS AND METHODS
Animals and experimental procedure Animals: Male spontaneously hypertensive rats (SHR) of the Okamoto Wistar strain and age-matched normotensive Wistar Kyoto rats (WKY), were used in groups of 7 to 9 animals with the following ages at sacrifice: 32 days, 12 and 19 weeks. For studies concerning the effect of age on collagen metabolism, 1 group of six 28 month old SHR was included.
In addition, 2 groups of 8 WKY rats were subjected either to aortic constriction (ACR) or to sham operation (SHAM) and sacrificed at 19 weeks of age. All animals were supplied by IFFA CREDO Co (L'Arbresle, 69210 France). The rats were kept under conventional conditions, housed 7 to 9 animals per cage, Cardiac enzyme activities: The specific activity of 4-prolyl hydroxylase was not different between the SHR and the WKY at the ages studied (Fig.1A) ; the total cardiac activity was significantly increased in the SHR at 32 days only. The specific activity of glucosyltransferase was increased in the SHR at 12 weeks only but the total cardiac activity was elevated at all ages studied when compared with the WKY (Fig.1A) .
The specific activity of glucohydrolase was not different between the SHR and the WKY at the various ages studied (Fig.1A) ; the total cardiac activity was elevated significantly only at 19 weeks. Comparison between the aortic-constricted and the SHAM rats The hemodynamic characteristics are shown in Table I . Caudal systolic blood pressure was reduced significantly in ACR (p<0 .05), while carotid systolic blood pressure increased marginally (p<0 .10). The heart rate did not differ between SHAM and ACR groups . No difference in absolute ventricular weight, protein and hydroxyproline content of the ventricles was observed between the ACR and the SHAM animals under our experimental conditions. The percentage of cardiomegaly relative to normal WKY controls was 10.0% in the ACR and 2.9% in the SHAM (p<0.10 between ACR and SHAM) ( Table I) .
Cardiac enzyme activities: A significant increase was observed only in specific prolyl hydroxylase activity (Fig.1B) in ACR . Glucosyltransferase specific activity was elevated marginally (p=0.10); Glc-Gal-Hyl-glucohydrolase activity was unaffected.
Regressions of the various biochemical parameters of collagen metabolism in the heart as functions of age An increase in cardiac hydroxyproline concentration was observed with age in both SHR and WKY. Cardiac levels of glucosyltransferase and GlcGal-Hyl glucohydrolase specific activities decreased with age in both WKY and SHR. Prolyl hydroxylase specific activity decreased between 4 and 19 weeks in both SHR and WKY, but no difference was observed between 19 weeks and 28 months in the SHR. The regression curves for the SHR are shown in Fig.2 . DISCUSSION A significant and marked elevation of ventricular prolyl hydrolase specific activity was observed in ACR. A similar elevation, although just above the significance level, had been found in the thoracic aorta.5) Turto has also reported a rapid elevation of cardiac prolyl hydroxylase at 2 and 4 days after aortic constriction, without a change in 4-hydroxyproline and total protein concentrations.25) This 8 day period has been chosen because of our interest in the early modification of enzyme activities involved in the cardiac collagen metabolism after aortic constriction.
Lund et al have found no change in hydroxyproline concentration in the left ventricle of ACR, 8 weeks after constriction.13) Bartosova et al have reported a 60% increase in total collagen content but no modification in collagen concentration, even at 5 months after constriction in ACR. 2) Cardiomegaly was found in the SHR at 32 days of age. It was not associated with any change in hydroxyproline concentration at 32 days and 12 and Bumpus20) have also reported an increased hydroxyproline synthesis rate in the heart of SHR at 4 and 8 weeks but not at 10 and 15 weeks. Finally, our data suggest the possibility of an increased catabolism of cardiac collagen during the sustained hypertensive stage. An elevated collagen turnover in the cardiovascular system has indeed been reported in another model of hypertension.17)
The elevation of glucosyltransferase specific activity in the heart of SHR at 12 weeks (developing hypertensive stage) of age confirms our findings in preliminary experiments, whereas it had been observed in the aorta constantly from 32 days to 19 weeks of age.5) This could reflect a selective increase in the synthesis of highly glucosylated collagens, such as collagens in basement membrane material.
Non-parallel changes in the prolyl hydroxylase and glucosyltransferase have been already reported in the liver of rats with hepatic injury suggesting that these enzyme activities might be regulated individually.19) The age-related decrease in the specific activities of the three enzymes studied in the ventricles of both SHR and WKY rats are reminiscent of changes in enzyme activities in the thoracic aorta of the same animals5) and in human or rat skin and kidney.1),22)-24) In contrast, an increase in cardiac hydroxyproline concentration was seen with age. This is compatible with a diminished susceptibility of collagen to degradation with aging, due to nonenzymatic glucosylation.10) A significant decrease of systolic blood pressure was observed in the SHR between 19 weeks and 28 months associated with the increased collagen concentration: this may be related to a rise in ventricular stiffness.16) A significant, but moderate, elevation of arterial blood pressure was observed at 32 days in SHR. This elevation did not reach the "hypertensive" level, and is consistent with Gray7) and Lais et al.11) Gray has reported an increase in carotid blood pressure and ventricular weight absolute or relative to body weight as early as the first day after birth. However, others have not found any increase in blood pressure level during the first month.4),20),21) These discrepancies may be related to the tendency of successive generations of SHR to develop hypertension at an earlier age.18) The degree of ventricular hypertrophy appears generally out of proportion to the elevation of arterial pressure during the "prehypertensive stage" according to Frohlich and Tarazi.6) Moreover, ventricular hypertrophy seems to exist at the time of birth, in both the left and the right ventricles.2) Thus, the early cardiomegaly observed in the SHR appears to be only partly secondary to the rise in blood pressure.
The cardiac and aortic collagen metabolism alterations are not the same 11.
